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Abstract 
 
Breast cancer is one of the most common malignant tumor in women, which is 
damage to woman's life. Along with further study about the heterogeneity of 
biological behavior and molecular classification of clinical trials of breast cancer, 
individualized treatment of breast cancer (especially Triple Negative Breast 
Cancer(TNBC)) is of great significance for improving the prognosis of patients. 
Our previous study performed comprehensive genome-wide DNA methylation 
profiling of 6 leukoariaosis blood samples and it was worth methioning that WDR41 
hypermethylated in the progression of LA. Interestingly, WD40 repeat proteins are 
involved in the regulation of tumor growth in most types of cancers. As a member of 
WD40 repeat protein, WDR41 participates in the dopamine signal pathway of nervous 
system, and it acts as a key regulation factor, mediating abnormal expression of 
C9orf72-induced autophagy. However, biological function of WDR41 on regulation 
of tumorigenesis has not reported. Since WDR41 is highly methylated in the 
development of LA, no cell lines and animal models are available yet due to this 
complex illness. In this study, we aimed to identify an epigenetic basis for WDR41 
and to decipher its signaling pathways in the breast cancer model.  
Through clinical analysis of 24 cases of triple negative breast cancer and cell 
lines, we found that stronger expression of WDR41 was observed in normal tissues, 
compared with breast cancer tissues and cell lines. This analysis revealed that WDR41, 
as a tumor suppressor gene, could participate in the regulation of cell growth, 
apoptosis and other cell progress. Methylation-specific PCR was performed to detect 
the methylation level of WDR41 promoter region in 24 tumor tissues and 
their corresponding normal tissues.  
We for the first time showed that DNA methylation in the WDR41 promoter 
regions is a powerful mechanism for the suppression of gene activity. On the other 
hand, demethylation agent could restore its expression, which further demonstrate low 
expression of WDR41 is closely associated with CpG island hypermethylation which 
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is emerging as an important mechanism for inactivation of tumor suppressor genes in 
the carcinogenesis. 
To investigate the effect of WDR41 on MDA-MB-231 cell, we carried out wound 
healing assay, transwell migration assay, MTT proliferation assay. The result showed 
that upregulation of WDR41 could inhibit cell migration, proliferation, and tumor 
growth. Observations by flow cytometer showed that overexpression of WDR41 
induced apoptosis and prevent MDA-MB-231cells to enter S phase from G1 phase. 
Mechanism investigation experiments indicated that abnormal methylation of WDR41 
potentially affects AKT/GSK-3β/β-catenin signaling pathway, resulting in alteration 
of the proliferation and migration ability of breast cancer cell. 
In conclusion, our study for the first time provided WDR41 DNA methylation 
analysis of breast cancer tissues and cell lines and revealed that it can result in the 
inhibited expression of genes, and silence of tumor suppressor genes can lead to 
pathogenesis and progression of tumors. Our findings here have clinical implications 
on breast cancer diagnosis and light up the direction of pathogenesis and potential 
treatment. We hope we could put a brake on surgical operation of breast cancer. 
 
Key words: WDR41; breast cancer; methylation;
厦
门
大
学
博
硕
士
论
文
摘
要
库
1ȕ̎ƥ 
 I 
µh 
 
µh............................................................................................................ I 
CONTENTS ............................................................................................ V 
¿¾ /á.............................................................................................. 1 
1.1 Ò²ô............................................................................................................. 1 
1.1.1 ?Τ̂ˣ˜ .................................................................................................... 1 
1.1.2 %ѱƹ?Τ̂ ................................................................................................ 1 
1.1.3 ?Τ̂ͯùʔ˹ ............................................................................................ 2 
1.1.4 ̂˾)˲ĨÐ̆͓ .................................................................................... 4 
1.2 WDRZ~Í8¸¼¥£ ................................................................................... 5 
1.2.1 WDR ω̄ŞȞΓȮ ...................................................................................... 5 
1.2.2 WDR ̐ω̄ä)ϼί̂˾̆{öɆ˨ .................................................. 5 
1.3 WDR41LHÀ ................................................................................................... 6 
1.3.1 WDR41 ɏʺ .................................................................................................. 6 
1.3.2 WDR41 ̆ĨĖΓȮ ...................................................................................... 8 
1.3.3 WDR41 ̆ˮ˙őÄΛ .................................................................................. 8 
1.4 èéĂ¸¼´µ´Ao................................................................................... 10 
¿¾ Yă|	}........................................................................ 11 
2.1 Yă|............................................................................................................... 11 
2.1.1 ŚҪρɥ3͢Ε3І͎ .............................................................................. 11 
2.1.2 5ϛŚҪZĒ)Ϭİ .................................................................................. 11 
2.1.3 5ϛϳ¼)λċ .......................................................................................... 12 
2.1.4 Ɗ˯ʼʯ ...................................................................................................... 14 
2.2 Yă}............................................................................................................... 16 
厦
门
大
学
博
硕
士
论
文
摘
要
库
1ȕ̎ƥ 
 II 
2.2.1 PCR æ pEGFP-WDR41 ̓ɧϑЧПm̆ɔƛ .......................................... 16 
2.2.1.1 Ơ˙̆Ϭϣ)ù》 ............................................................................. 16 
2.2.1.2 PCR ...................................................................................................... 16 
2.2.1.3 DNA ¨Θ˳ʛ .................................................................................... 17 
2.2.1.4 DNA ¨Θĕȋ .................................................................................... 17 
2.2.1.5 DNA J˙ю® .................................................................................... 18 
2.2.1.6 ЯǺ ..................................................................................................... 18 
2.2.1.7 МÐ ..................................................................................................... 19 
2.2.1.8 ρʯǓķħ ..................................................................................... 19 
2.2.1.9 ѼљŘ ............................................................................................. 19 
2.2.1.10 І͎ŪїǾë ................................................................................... 19 
2.2.1.11 І͎1їǾë ................................................................................... 20 
2.2.1.12 DNA ˕ʀYæІ͎ʥƗʣŘ .......................................................... 20 
2.2.2 ŚȤŘї PCR ............................................................................................. 20 
2.2.2.1 Trizol Ǿëƺ RNA .............................................................................. 20 
2.2.2.1.1 ǾëŪҷø0Ēŗͣ͡ RNA ................................................. 20 
2.2.2.1.2 Ǿë?Τ̂˽NɦɄ RNA ..................................................... 20 
2.2.2.1.3 Ǿë͢Ε RNA ......................................................................... 21 
2.2.2.2 RNA еМƥ4 cDNA ......................................................................... 21 
2.2.2.3 ŚȤŘї PCR .................................................................................... 22 
2.2.3 ˲ĨÐ˚Ɲƹ PCR ..................................................................................... 23 
2.2.3.1 ͢ΕĨĖ͡Ǿë ............................................................................. 23 
2.2.3.2 ˲ĨÐ˚Ɲƹ PCR9MSP ............................................................ 23 
2.2.3.3 5-ɈʊΕđďɧηį˨͢Ε .............................................................. 25 
2.2.4 ˺κ ...................................................................................................... 26 
2.2.5 ˺͡Ð ...................................................................................................... 26 
2.2.6 ˺Üб ...................................................................................................... 28 
2.2.7 ͢Εħ)Мɜ .......................................................................................... 29 
2.2.7.1 ͢Εıγ ............................................................................................. 29 
厦
门
大
学
博
硕
士
论
文
摘
要
库
1ȕ̎ƥ 
 III 
2.2.7.2 ͢ΕcW ............................................................................................. 29 
2.2.7.3 ͢Ε£ŏ ............................................................................................. 29 
2.2.7.4 І͎Мɜ ............................................................................................. 29 
2.2.7.5 siRNA Мɜ .......................................................................................... 30 
2.2.8 ̶М͢Ε͓̆ƛ̻ ...................................................................................... 30 
2.2.9 ͢ΕīɿŚҪ .............................................................................................. 30 
2.2.10 ͢ΕШ̲ŚҪ ............................................................................................ 31 
2.2.10.1 ¯˿ŚҪ ........................................................................................... 31 
2.2.10.2 Transwell ŚҪ .................................................................................. 31 
2.2.11 ͢ΕĈɀŚҪ ............................................................................................ 32 
2.2.12 ͢Ε¦HŚҪ ............................................................................................ 32 
2.2.13 Ϙҷ》́ŚҪ ............................................................................................ 32 
2.3 {¸¼lî....................................................................................................... 33 
2.4 zsO¦	)................................................................................................... 34 
¿¾ YăÈ.................................................................................... 35 
3.1 WDR41È) ................................................................................................. 35 
3.2 WDR410ÐtÄ ................................................................................................. 39 
3.2.1 WDR41 ̆F͢ΕŘj ................................................................................ 39 
3.2.2 WDR41 ϑЧϞƭ̆­ɕ ............................................................................ 40 
3.2.2.1 WDR41 Ūҷͣ͡ϑЧϿ­ɕ ........................................................... 40 
3.2.2.2 WDR41 √Ĵ̭Ώ́͢Ε͓1̆ϑЧ­ɕ ....................................... 42 
3.2.2.3 WDR41 √?Τ̂ͣ͡1̆ϑЧ­ɕ ............................................... 42 
3.2.3 ǹť WDR41 ϑЧŽƝ̆áĖ .................................................................. 46 
3.2.3.1 MSP ʖɯʣ WDR41 √ MDA-MB-231 ͢Ε1̆˲ĨÐ˜ƶ ....... 46 
3.2.3.2 5-Aza-dC į˨ MDA-MB-231 ͢Ε— WDR41 ̆ϑЧʌƌ ........... 46 
3.2.4 WDR41 ̆ˮ˙őÄΛǹ̷ ........................................................................ 48 
3.2.4.1 WDR41 Пm̆ɔƛ ........................................................................... 48 
3.2.4.1.1 PCR Ǔī WDR41 ̎̆˕ʀ̆Ѱƹͦɗ ................................ 48 
厦
门
大
学
博
硕
士
论
文
摘
要
库
1ȕ̎ƥ 
 IV 
3.2.4.1.2 ρʯ PCR љŘ pEGFP-WDR41 ЯǺJ˙ ............................. 48 
3.2.4.2 WDR41 ̆ÄΛҪϭ ........................................................................... 49 
3.2.4.2.1 ͢ΕīɿŚҪ ........................................................................... 50 
3.2.4.2.2 ͢ΕШ̲ŚҪ ........................................................................... 51 
3.2.4.2.3 ͢ΕĈɀŚҪ ........................................................................... 53 
3.2.4.2.4 ͢Ε¦HŚҪ ........................................................................... 54 
3.2.4.2.5 Ϙҷμ́ŚҪ ........................................................................... 55 
3.2.5 WDR41 Ǜ̂Ɇ˨̆ǹ̷ ............................................................................ 56 
¿F¾ ãä............................................................................................ 58 
4.1 WDR41´X) ............................................................................................. 58 
4.2 WDR41´Ýñài) ..................................................................................... 59 
4.3 MDA-MB-231ÆÎWDR41LH?1T3´ªL2£k .......................... 59 
4.4 WDR41´r²0Ðăæ ..................................................................................... 60 
4.5 [WDR41´>Éße^´¸¼ ....................................................................... 61 
4.6 nÈ....................................................................................................................... 62 
7Ë{¤.................................................................................................. 63 
Óë.......................................................................................................... 71 
JVý9Ýä{.................................................................................. 72 
!
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 V 
CONTENTS 
 
Chinese Contents ........................................................................................ I 
CONTENTS ............................................................................................ V 
Chapter I Introduction ............................................................................ 1 
1.1 Breast Cancer Overview ........................................................................................ 1 
1.1.1 Current Status of Breast Cancer ...................................................................... 1 
1.1.2 Triple Negative Breast Cancer ........................................................................ 1 
1.1.3 Comprehensive Treatment of Breast Cancer .................................................. 2 
1.1.4 Cancer and DNA Methylation ......................................................................... 4 
1.2 Background and Research Status of WDR Protein Family ............................... 5 
1.2.1 Background of WDR Protein Family .............................................................. 5 
1.2.2 Mechanism of WDR-related protein in Regulation of Tumor ........................ 5 
1.3 Introduction of WDR41 ......................................................................................... 6 
1.3.1 Source of WDR41 ........................................................................................... 6 
1.3.2 Background of WDR41 ................................................................................... 8 
1.3.3 Biological function of WDR41 ....................................................................... 8 
1.4 Aims and Significance of This Subject ............................................................... 10 
Chapter II Materials and Methods ...................................................... 11 
2.1 Materials ............................................................................................................... 11 
2.1.1 Experimental Bacterial Strain, Cells, and Plasmids ...................................... 11 
2.1.2 Instruments and Equipments ......................................................................... 11 
2.1.3 Reagents and Drugs ...................................................................................... 12 
2.1.4 Common Solution ......................................................................................... 14 
2.2 Methods ................................................................................................................. 16 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 VI 
2.2.1 PCR and Construction of pEGFP-WDR41 ................................................... 16 
2.2.1.1 Design and Synthesis of Primers ......................................................... 16 
2.2.1.2 PCR ...................................................................................................... 16 
2.2.1.3 DNA Gel Electrophoresis ..................................................................... 17 
2.2.1.4 DNA Gel Extraction ............................................................................. 17 
2.2.1.5 DNA Restriction Fragment .................................................................. 18 
2.2.1.6 Linearize ............................................................................................... 18 
2.2.1.7 Transform ............................................................................................. 19 
2.2.1.8 Enlage Cultivation of Bacteria Solution .............................................. 19 
2.2.1.9 Clone Identification .............................................................................. 19 
2.2.1.10 Plasmid Mini Extraction .................................................................... 19 
2.2.1.11 Plasmid Midi Preparation ................................................................... 20 
2.2.1.12 DNA Fragments and Determination of Plasmid Concentration ......... 20 
2.2.2 Real-Time Quantitative PCR ........................................................................ 20 
2.2.2.1 Total RNA Extraction ........................................................................... 20 
2.2.2.1.1 RNA Extraction of Mouse Tissues ............................................. 20 
2.2.2.1.2 RNA Extraction of Human Breast Cancer Samples ................... 20 
2.2.2.1.3 RNA Extraction of Cancer Cells ................................................ 21 
2.2.2.2 Reverse Transcription .......................................................................... 21 
2.2.2.3 Fluorescence Real-Time Quantitative PCR ......................................... 22 
2.2.3 Methylation-Specific PCR ............................................................................ 23 
2.2.3.1 Extraction of Cell Genome .................................................................. 23 
2.2.3.2 MSP ...................................................................................................... 23 
2.2.3.3 5-Aza treatment .................................................................................... 25 
2.2.4 Immunofluorescence ..................................................................................... 26 
2.2.5 Immunohistochemistry .................................................................................. 26 
2.2.6 Immunoblotting ............................................................................................. 28 
2.2.7 Cell Culture and Transfection ....................................................................... 29 
2.2.7.1 Thawing Cells ...................................................................................... 29 
2.2.7.2!Cell Passage ......................................................................................... 29 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 VII 
2.2.7.3 Cell Freezing ........................................................................................ 29 
2.2.7.4 Plasmids Transfection .......................................................................... 29 
2.2.7.5 siRNA Transfection .............................................................................. 30 
2.2.8 Construction of Stable Cell Line ................................................................... 30 
2.2.9 MTT Assay .................................................................................................... 30 
2.2.10 Migration Assay .......................................................................................... 31 
2.2.10.1 Wound Healing Assay ........................................................................ 31 
2.2.10.2 Transwell Assay ................................................................................. 31 
2.2.11 Cell Cycle Test ............................................................................................ 32 
2.2.12 Apoptosis Assay .......................................................................................... 32 
2.2.13 Tumor Bearing Nude Mice ......................................................................... 32 
2.3 Research Design ................................................................................................... 33 
2.4 Data Processing and Analysis ............................................................................. 34 
Chapter III Results ................................................................................ 35 
3.1 Structure and Bioinformatics Analysis of WDR41 ........................................... 35 
3.2 Function Exploration of WDR41 ........................................................................ 39 
3.2.1 Subcellular Localization of WDR41 ............................................................. 39 
3.2.2 Expression Pattern Analysis of WDR41 ....................................................... 40 
3.2.2.1 Expression Spectrum Analysis of WDR41 in Mice Tissue .................. 40 
3.2.2.2 Expression Analysis of WDR41 in Cancer Cells ................................. 42 
3.2.2.3 Expression Analysis of WDR41 in Breast Cancer Samples ................ 42 
3.2.3 Expression Differences of WDR41 ............................................................... 46 
3.2.3.1 Detection of Methylation of WDR41 in MDA-MB-231 cells ............. 46 
3.2.3.2 Detection of WDR41 level after treated with 5-Aza-dC ...................... 46 
3.2.4 Biological Function Investigation of WDR41 .............................................. 48 
3.2.4.1 Construction of WDR41 plasmid ......................................................... 48 
3.2.4.1.1 DNA Fragments of WDR41 ....................................................... 48 
3.2.4.1.2 Authentication of pEGFP-WDR41 ............................................ 48 
厦
门
大
学
博
硕
士
论
文
摘
要
库
CONTENTS 
 VIII 
3.2.4.2 Functional Verification of WDR41 ...................................................... 49 
3.2.4.2.1 MTT Assay ................................................................................. 50 
3.2.4.2.2 Migration Assay ......................................................................... 51 
3.2.4.2.3 Cell Cycle Assay ........................................................................ 53 
3.2.4.2.4 Apoptosis Test ............................................................................ 54 
3.2.4.2.5 Xenograft ................................................................................... 55 
3.2.5 Exploration of Anti-tumor Mechanism of WDR41 ...................................... 56 
Chapter IV Discussion ........................................................................... 58 
4.1 Location Analysis of WDR41 .............................................................................. 58 
4.2 Expression Analysis of WDR41 .......................................................................... 59 
4.3 Methylation of Promoter Region of WDR41 in MDA-MB-231 ....................... 59 
4.4 Anti-tumor Function Verification of WDR41 .................................................... 60 
4.5 Outlook of WDR41 function ............................................................................... 61 
4.6 Conclusion ............................................................................................................ 62 
References ............................................................................................... 63 
Acknowledgement .................................................................................. 71 
Publication .............................................................................................. 72 
 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
½Ϣ
 1 
¿¾ /á 
1.1 Ò²ô 
1.1.1 Ò²¥£ 
?Τ̂ȩJˮD?Τ̂Ċͣ̆͡ƾƹΏĠſ》4ŉΐŀƹƘ̆5ϛɇ
Ǐ4ѽ̕NïͿҹÐ̆Å不YæNïͦɔ(ȗêˮíÐê˽ˠąиƍ三īƎ
fȼȪσ̆ƍОÐБÊ[1]42014ƍ+˵̂˾ͪϣǟĆ­ɕȪ̩˧?Τ̂ê
˽ˠĊɽHˠ­¶ÚƾƹΏ́ê˽ƺȒ̆29Ċ15%Sê˽БÊɏ̒ʂƍƿ?
Τ̂̆NȒ͚4120$1ɽHNȒ440$4̎½˧?Τ̂ê˽ˠɺYʂƍ
0.5%不Ɨ三īҕϣ¸2030ƍȼ264$Nƿȼϵ˼˽ȼ170$NɽDϵ˽Ʀ
Êɓ/ź[2]4yqϵ˽ê˽ˠĊɽHˠƺmБÊÕү̆Ė͔ÎǨǋĚ̪b3
ͥʤêŶNïͿҹÐ3ˮʠȚƟ̆ȌíYæˮƶˢĪ̆íÐ[3]4ƺ̆̒ɏ
ǋĚ?Τ̂̆ʡώʌƌ√FʟRįDРүʌƌѯʔ?Τ̂RȩǋĚ̮őŞҍ2
̆/źǭǍ4
̎½?Τ̂̆­Ō­Ĥ5ϛȼYDḘ̆ÝΣҍAĤ3ΣҍBĤ3Her-2Ѱƹ
Ĥ3ĨƔɦĤ[4]4́#3Luminal-AĤ?Τ̂!ŷDȺƊϜ͌ĤÚ?Τ̂̆
40%-50%4ɸ3Luminal-BĤ?Τ̂!͚Ú8%"ͣ͡ő͛¶ȷүwϕƹȷ4
/іʄLuminal AĤҕ—Ž4́%3Her-2ЩϑЧĤ?Τ̂!Ú¸17%ϵĤ?
Τ̂ƾƹ̴ƗРүҕ—РŽƎfȼ΃λˣЁqƿ΁̆ˮŏˠķķѶk4͢Ε
ʃʔ˹Ċǜher-2ʔ˹ȩ̎½ж˯РĴ̆ʔ˹Țʖ4́ Ĕ3ĨƔɦĤ?Τ̂#ά
̱4%ѱƹ?Τ̂͚Ú10%4ȼүwϕƹҕ—РŽ̆˚－4cͪÐ˹ʄ
LuminalƹΏ́ȷȏǆ(úFĤ̆?Τ̂ƺmˮŏɀ:ȼÒ¶1ҕ—Рł
̆ȩ́#͌ҕ—РŽ̆4%ѱƹ?Τ̂[5]4 
 
1.1.2 ÿmÒ² 
%ѱƹ?Τ̂ȩ?Τ̂˺ͣ͡Ðőɯɟ̆1#̭FĤ4ϵ͌Ĥ̂˾˚Ʃ
4҃˂͔ìm9ER3Ŏ˂͔ìm9PRĊá̂ĨĖHer-2Ğąˣѱƹ˜ƶ[6]4
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